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From the Editor 

Doug Hendricks, KI6DS 
862 Frank Ave. 

Dos Palos, CA 93620 

This issue is another one of 
our “special ones’ as it features the 
work of Chuck Adams, K7QO. 
Chuck takes one of the all time 
great kits, the Small Wonder Labs 
30+ and shows you how to build it 
part by part. His photography is 
outstanding, and the time that he 
took to produce this work boggles 
the mind. 

Thank you Chuck for all that 
you do for QRP and ham radio. 
You are truly one of the givers of 
our hobby. 

The work is so good, that it will 
become a classic reference piece 
on construction using a circuit 
board. Even if you don’t want to 
buld the SWL30+, the information 
in the article applies to any kit situ- 
ation. 


But | whole heartedly encour- 
age you to buy a SW30+ kit from 
Dave Benson. The $55 postpaid 
price is one of the great bargains 
in ham radio, and the transceiver 
that you build will give you hours 
and hours of enjoyment, both 
building and operating. | 

Check out Dave Benson's 
website at the url mentioned in the 
article. | do not hesitate to endorse 
this kit as a great product. 

Also, please read the article on 
page 3 about Gloria Ackerly and 
her work with the NorCal 20 
project. The project is doing well, 
and even though it is slow, we are 
making progress getting the radios 
distributed. Thanks to all of you 
who supported the project. 72, 
Doug, KI6DS . 
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The NorCal 20 Project - An Update 


Norcal 20's in Romania — by Tony 
G4WIF 


In late 1989 Romanians 
revolted against the dictatorship of 
Nicolae Ceausescu, Romania’s 
president and Communist Party 
leader, and a_ temporary 
government was set up. Soon 
after, and particularly in Europe, we 
became aware of a great need for 
aid. In England many independent 
groups emerged and trucks full of 
much needed relief made the long 
trek overland. Teacher Robin 
Ackerley was among them and 
was to make several such 
journeys. 

In 1995 Gloria Ackerley 
G3VUN accompanied Robin on 
one of his voluntary trips to 
Romania. She spent a week there 
sharing her skills as a “special 
needs teacher” with parents of 
children who have medical 
problems and learning difficulties 
at the Binecuvintati Copiii centre in 
Onesti. 

She found from talking to the 
parents that there was a real need 
for contact, support and 
information on how (and from 
where) they could obtain help. 
During a trip in 1997, Gloria visited 
the Tulcea area where she spotted 
a street sign “STR. GLORIEI”. This 
means “Road of Glory” in 
Romanian and her companions 
suggested that this would make a 
good name for the network. So she 
registered the U.K. charity 
“Network Gloria’. 
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Right from the beginning 
Gloria was assisted by Romanian 
hams. Before email contact 
became available much of the 
contact with Romania was by 
radio. Indeed, in 1997 Gloria asked 
G4WIF to keep a sked with the late 
Andy YO3AC, who had been such 
a help to Gloria in the early days. 
The messages were passed on. 
Andy's CW was superb - just like 
music and he is much missed. 

In 1999 Doug, KI6DS & Jim, 
WAS6GER conceived the idea of 
making quality radio kits available 
to countries where hams just 
couldn't afford to buy them. Every 
Norcal 20 kit purchased financed 
another that would be donated for 
free. Doug arranged for all 
distribution to be via the GQRP 
club — supervised by Rev. George 
Dobbs G3RJV. 

Gloria’s charity work was 
known to some of the G-QRP club 
officers, so one day she was 
invited to visit Dick GOBPS to 
collect a consignment of Norcal 
20’s to be taken to Romania. 

In October 2000, they were 
loaded onto a truck taking 
physiotherapy equipment and 
medical supplies. They also took 
textbooks and musical instruments 
for schools. 

Dan Liviu YO3JX (from the 
Romanian Amateur Radio 
Federation) received the kits in 
Bucharest and invited Gloria to an 


official hand-over next time she 
was in Romania. This visit took 
place in February 2001 when a 
team from Network Gloria flew to 
Bucharest to hold a course on “The 
Care and Behaviour Management 
of Children in Institutions”. They 
visited Scoala Generala 175, a 
secondary school not far from the 
Gara Nord railway station. There, 
Gloria was greeted by the school 
radio club (YO3KWF_ and 
YO3KSB). The NC20’s had 
already been assembled by Dan 
and he generously offered to repair 
them when necessary. The club is 
run by Vasile Capraru YO3AAJ 
and some of his students are 
proficient at speeds of 40 WPM. 
There is much enthusiasm among 
the children and their adult tutors. 

As a postscript to this story, the 
Secretary of the FRR (Federation 
Romana de Radioamatorism - the 
national body) Vasile Ciorbanita 
YO3APG, declared Dan “Ham of 
the Week’ (13.3.01) on the official 
FRR Internet page, as a result of 
the “Norcal Activity”. 

Two more NC20’s have also 
been installed at an after-school 
radio club for novices run by in- 
structor Burada Romeo YO9CFR. 
The school is at Turnu Magurele 
and is to the west of Zimnicea on 
the Danube / Bulgarian border and 
even their teacher Camelia Turcan 
is studying to become a radio ama- 
teur. 

Without the partnership of 
Norcal, G-QRP and Gloria’s char- 
ity, these children would not have 
the access to ham radio that they 
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now enjoy. NC20’s have been sent 
to various places through George 
Dobbs missionary contacts, many 
to places that can’t be mentioned 
through risk of compromising the 
courier. However here is a list of 
those we can mention. Pakistan, 
India [three locations], Borneo, In- 
donesia, Bolivia, Venezuela, 
Ukraine, Gambia, Uganda, and 
Rwanda. If you bought a NC20 
then you can be proud. There are 
people in the world that now have 
radios that didn’t before. This is a 
long term project with many more 
kits left to distribute. If there are 
more stories that we can tell you 
will read about them in QRPp. 


Keep up to date with Gloria’s 
work at www.networkgloria.org.uk 


NorCal 20 “Countries List” 
Pakistan, 

India [three locations], 
Borneo, 

Indonesia, 

Bolivia, 

Venezuela, 

Ukraine, 

Romania, 

Gambia, 

Uganda, 

Rwanda, 
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Building the SW30+, A Course in Kit Building 


by Chuck Adams, K7QO 
BOX 11840 
PRESCOTT AZ 86304-1840 


Dave Benson, NN1G, has a 
company called Small Wonder 
Labs (SWL). He is located near 
ARRL headquarters in Newington 
CT and his web page is SWL home 


page. 
http://www.smallwonderlabs.com/ 


Current information on his 
company, SWL, and the kits that 
he has available can be found 
there. Dave has kindly given me 
permission to use his SW-30+ de- 
sign as a tool to use to help people 
learn and use the Manhattan Style 
of building for homebrew projects. 
_ As a Starting point for that goal | 
have purchased one SWL SW- 
30+ transceiver from Dave. | al- 
ready had one such transceiver in 
operation and am using it almost 
daily until November 11th, 2001 to 
work all states and a hundred 
countries at half of one watt to a 
vee-beam. | bought this kit in or- 
der to build it from scratch and 
document the process of how | 
would build a kit. This write up is 
to be used as a learning tool for 
those that have yet to build a com- 
plete kit. I'm a regular customer of 
Small Wonder Labs and Dave can 
tell you and | get no special deals 
for doing this. | am just interested 
in getting as many QRPers on 30 
meters as | can and to also teach 
building at the same time. 
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The schematic and the parts list 
are included. | will use digital pic- 
tures to show you how to build a 
kit and this article is written assum- 
ing that you have never built a kit. 
The series of pictures and written 
material shown here is for those 
that want to start with a kit first 
before moving on to more difficult 
projects. This material may be 
used by those that wish to instruct 
others on kit building also. This in- 
formation is step by step and filled 
with details of the building process 
and some notes on what each 
stage of the transceiver does. Not 
in real gory detail but in enough 
detail to help you comfortable with 
the construction and operation of 
a rig. You do not have to be a li- 
censed radio amateur to build any- 
thing, but you do have to have a 
license to operate this transceiver 
on a real antenna and on the air, 
i.e. transmit RF energy into free 
space outside your home. 

If you are an experienced 
builder you might want to consider 
using this project to teach new 
hams or want to be hams the craft 
of building and having a life long 
hobby. In this day and age of com- 
puters and high tech toys the ex- 
pense of approximately $100 fora 
complete transceiver that will last 
for years to come is a cheap in- 
vestment, IMHO. Feel free to use 
this material and give credit where 
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Fig. 1, Pile of parts for SWL30+ Transceiver Kit as they come 


from the bag. 


due. Thanks and good luck. 

When you get the kit from 
Small Wonder Labs the first thing 
you need to do is get organized. 
So let me tell you how | do it and 
you can either follow my sugges- 
tions or work out your own meth- 
ods. My techniques are not the only 
way to solve a problem, but | have 
been building for many many years 
and these work for me. My suc- 
cess ratio is very high. In the pack- 
age for the SW-30+ there are a 
number of bags. The clear zip lock, 
which | had in this kit, contains a 
large number of parts. Fig. 1 is a 
photo of them out of the bag and 
on a small surface in a pile. 

The first thing that | do is break 
out the parts by type and put them 
in small bathroom Dixie cups (new 
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and unused). But you can use 
muffin tins, small plastic cups, jars, 
etc. Do this with the zip lock baggie 
first. There is a another small black 
anti-static bag that you should not 
open yet. 

The following pictures of the 
various parts will help you identify 
them if you have never done this 
before. | have given some refer- 
ences to the latest ARRL 2001 HB 
for reading material if you are very 
new at this and wish to learn more. 
Suggested reading is for all as you 
may have forgotten some of this 
stuff. If you do not own a 2001 HB, 
then any from 1995 to 2000 should 
work also. 
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Fig. 2 Integrated Circuit (IC) 
Sockets HB 8.29-8.37 5.6 


Fig. 4 Intermediate Frequency 
(IF) Cans HB 6.14-6.26, 6.42-6.50 


PSN 
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Fig. 5 Toroids HB 10.8-10.14, 
25.23-25.24, 6.24-6.26 


SSS 
SARS 2 


Fig. 6 Electrolytic CapacitorsHB_ -F 
6.7-6.14 


g. 10 1/4 Watt Resistors 
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Fig. 11 Diodes 


Fig. 12 Zener Diodes from Misc 
labeled envelope. 

Do not remove these puppies 
from the paper. Just put them ina 
cup with the paper as they are. 


Fig. 14 SWL 30+ PC Board 
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Fig. 13 Anti-static Bag 

This bag contains ICs, transis- 
tors, etc. Do not open it at this time. 
Please. 

OK, | know you are getting 
anxious to start building, so let’s 
start slowly so that | can show you 
some tricks of the trade — so to 
speak. Here is a photo (Fig. 14) of 
the printed circuit board that you 
will building the transceiver kit from 
SWL on. 
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Note that the printed circuit 
board for the SW30+ is what we 
call a double sided plated through 
board with silk screened outlines 
and labels on the component side. 
The component side is obviously 
the side upon which all the com- 
ponents that go on the board will 
be placed and soldered from the 
other side. Later in life you may run 
across a kit or kits where parts may 
also be placed on the bottom or 
underside of the board. We will not 
be concerned with that here. Note 
how nicely the board is done and 
don’t be scared by the fact that the 
board looks crowded. You are go- 
ing to place one part at a time on 
the board, so don’t rush and just 
take your time and double check 
each step. Even as an experienced 
builder | double check my work as 
| go along. | find that it saves mea 
lot of trouble at the end trying to 
find simple mistakes. 

|am a person that likes to build 
kits and electronic circuits in 
stages and test them as | go along. 
It gives me positive feedback that 
lam doing things correctly. It is also 
much more easy to find problems 
as they occur instead of getting to 
the end and not having a clue as 
to where something or several 
things went wrong. Also, by setting 
up a plan at the first | can learn 
more about the system as | go. You 
just have to do this a couple of 
times and you too can be an ex- 
pert at doing this. So allow me to 
show you just how | think through 
this process using the SW30+ as 
an example. 
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First take the schematic for the 
rig and study it for a period of time. 
In a transceiver the three main 
building blocks are the variable fre- 
quency oscillator or VFO for short 
(also know as local oscillator LO). 
Then there is the receiver and the 
transmitter sections. These will be 
broken down even further into 
smaller sections. The entire rig is 
powered from some outside 
source in most cases. Dave gave 
me permission to reproduce his 
schematic and | have redrawn it 
using a program that! wrote. | have 
used dashed outlines for most of 
the sections to help identify them. 
There may be one or two compo- 
nents inclosed within a section that 
you can argue about it’s belonging 
there, but this is not rocket science 
here and I’m not being picky. 

| have come up with what | call 
the patented K7QO coordinate 
system for beginners. | know that 
the first time you do something like 
this you are totally overwhelmed by 
the amount. of stuff you have to 
learn. Determining just where parts 
go on the board is difficult and even 
after many years of building | have 
difficulty with a new kit and com- 
ponents aren't where | assume that 
would be. Dave has a nice parts 
outline with the kit documentation 
and that helps, but there are still a 
couple of items that a tricky to lo- 
cate at first. So here is what I’m 
going to do. With the board ori- 
ented with the labeling where you 
can read it, let’s call the lower left 
hand corner of the PC board the 
origin, i.e. X=0.0 and Y=0.0 as ina 
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Cartesian coordinate system. I'll 
measure distances in centimeters 
(cm) from the corner and indicate 
a part location using the notation 
(X,Y) for distances in the horizon- 
tal direction (X) and the vertical di- 
rection (Y). Think of X as being the 
distance from the left hand edge 
going to your right and Y as being 
the distance from the bottom edge 
of the board (the edge closest to 
you when the board is in front of 
you). Again, all distances are mea- 
sured in centimeters ‘cuz | like the 
metric system a lot. So for some- 
thing like D13 I'd indicate (7.5,5.5) 
and don't take the distances to 
mean that! got them exactly on the 
nose. They are just to get you as 
close as possible to make the part 
outline and label easy to find. OK? 
Neat idea if | do say so myself. 

You might want to take the 
schematic and the PC board and 
study them together. See where 
each part on the schematic fits on 
the PC board. See if you can see 
the traces that correspond to the 
lines on the board. But don’t start 
putting parts on the board yet. Let’s 
do that together and in a specific 
order. Also read through Dave’s 
manual as he has some excellent 
material. | am going to build this 
rig in a slightly different order and 
in detail to aid the beginners. If you 
have experience and you don't 
need me, then fire away and good 
luck. 


Step 1 — Power Setup 
For this article let's start with the 
power distribution. If you are us- 
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ing the schematic that came with 
the rig, look for J4 on the center 
right hand side of the page. In my 
schematic (the PDF link above) 
there is no power plug shown 
where J4 should be and the con- 
nection is shown as VIN just to the 
right of D13. This is where the 12 
to 15V DC comes into the rig from 
the outside world. Before the sup- 
ply voltage can get to any other part 
of the transceiver it must pass 
through D13. Several reasons for 
this diode. It is too easy for any one 
in the world to connect a battery or 
other power supply into the rig 
backwards, i.e. with the polarity 
reversed from the correct connec- 
tion. If this reverse condition ever 
occurs there will be considerable 
damage done to the ICs, transis- 
tors and other parts immediately. 
So the diode prevents a reverse 
polarity on the input plug from do- 
ing any damage. The diode will 
also burn out at 1 amp of current 
so it will act as a fuse in some other 
cases but, unfortunately, if one 
ampere flows for even a short pe- 
riod of time for whatever reason 
there will most likely be some dam- 
age done to the rig. This is critical 
information. You will note in all of 
the following pictures that | have 
four standoffs each placed at one 
of the four corner mounting holes 
of the PC board. If you can at all 
do this, then do the same thing with 
either nylon standoffs or if you don't 
have anything else use some small 
1/4" long screws and nuts to just 
place the board above the table 
surface when it is just sitting. Later 
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we will be powering up the board, 
i.e. applying 12V to test things. The 
worst thing you can do is have the 
board sitting on a work surface 
when there are metal wires under 
the board and you apply power. 
These wires will cause short cir- 
cuits and burn out traces on one 
or more sides of the board. This is 
an expensive error. Don’t do it. 
So let’s install the diode D13 
first at (7.5,5.5). Here is the way | 
go about installing a part. First 
identify the part. In this case it is a 


black diode (in the diode cup) with 
1N4001 printed on the body of the 
diode with a white band on one 
end. This white band is the cath- 
ode end of the diode and corre- 
sponds to the end of the schematic 
symbol with the line perpendicular 
to the arrow. All diodes in NN1iG 
kits are installed with the band 
away from the PC board, i.e. that 
end is up. Here is a photo of the 
diode, the way it is bent, and the 
chain nosed pliars that | use. 
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Fig. 16 Diode D13 on the PC board just before soldering. 
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Fig. 17 Diode D13 on the bottom side of the PC board just before 
soldering. 


Ve 


j : 


Fig. 18 Diode D13 bottom side of the PC board after being sol- 
dered. 
12 QRPp Summer 2001 


A side note on my soldering 
technique. Since | use a solder 
from Kester that is 62/36/2 based 
and has a low melting point and a 
2 percent silver content, | like to 
place the solder between the iron 
tip and the component lead and PC 
pad and then apply heat. | know 
that a lot of books including the 
ARRL Handbook suggest differ- 
ent. But | find that the melting of 


dered. 


This is a magnified view and 
the best that | have ever seen if | 
do say so myself. | used one of the 
lenses from a 8x Loupe to do this 
one. | love it. 

Now that you have success- 
fully installed the first part, let's do 
two more. 

U2 at (6.0.3.5). U2 is a 78L08 8 
volt voltage regulator. It is located 
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Fig. 19 Diode D13 bottom side of the PC board after being sol- 


the solder distributes heat to the 
joint rapidly and | spend no more 
than three seconds (the K7QO 3- 
second rule) in soldering and | re- 
move the heated tip of the iron. | 
get the solder to melt and flow in 
this time period and | don’t over 
heat the part on the other side of 
the board. See the Manhattan Ar- 
ticle on my web page for more de- 
tails on what solder | use, etc. 


in the black anti-static bag and use 
the techniques for working with 
these parts as described in Dave’s 
manual. The 78L08 looks like a 
small transistor. It has three legs 
on the bottom. Install it at the loca- 
tion (6.0,3.5). Make sure you have 
the right part and make sure you 
put in the right direction by follow- 
ing the outline on the PC board. 
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See the photograph if you have any 
questions. You do not want to ruin 
this part or any other part for that 
matter. Since no one is timing you 


just take it slow and easy and 
double check everything that you 
do. You'll do OK. 


Fig. 20 78L08 in place center stage. 


Now look in the disc capaci- 
tors (caps) and look at the side for 
one that has 103 on it (103 means 
10x10*3 pF which is 10,000pF or 
0.01uF. (A note: the British like to 
use nF for nanoFarads, which is 
what 1,000pF is, thus 10,000pF is 
10nF and you'll see this notation 
used alot in SPRAT and other Brit- 
ish based publications.) This is a 
0.01uF (microFarad) cap. Solder 
it in location (5.0,3.5) where C102 
is labeled. Do not force the leads 
(legs) of the cap down into the 
holes so far that the covering ma- 
terial also is in the hole. | leave just 
a very very small amount of metal 
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showing on the top side to allow 
the solder from the bottom side to 
wick or flow onto the top side of 
the pad. Don't leave a lot. | like the 
parts close to the board and not 
more than a few mm of bare lead 
above the board. Again look at the 
pictures next to see just how | do 
it. Do not force any part into the 
board. They break easily or you 
may create a small fracture that 
you will not see and the part(s) 
cease to work. 
C102 to the left of the 78L08. 

At this point | want to show you 
something. This will be difficult for 
me to go into every little detail on, 
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but let me try to convey enough info 
that you can do this. | am assum- 
ing that this is your first time to build 
and | hope you want to learn as 
you go. Time spent here will aid 
you the rest of your life in building. 
If you purchased the case, mount- 
ing hardware, pots, etc. then you 
want to install J4 (the power plug) 
on the board. If you do not have 
the case, then | do the following. 
Find two wires about 10 to 15 
cm long. One red and one black. 
Lightly solder these into the two 
holes at J4 (7.0,6.0). The red one 
into the right hand hole and the 
black one into the left hand hole. 
With these two wires you can now 
apply a 12V supply to the board 
for testing. If you are building from 
the kit from SWL then look on page 


15 to see the power connector 
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Fig. 21 C102 to the left of the 78L08. 


setup at the top center of the fig- 
ure. | use a 12V 0.8AHr gel cell for 
small rigs. | also use a plug and 
connector for battery supplies. All 
that is important you have a way 
to connect the battery to the trans- 
ceiver for testing and hopefully you 
can disconnect rapidly if you need 
to in case of emergency. Also place 
a small fuse in the power line to 
prevent accidents and damage to 
parts. The center conductor is + 
and the outer conductor is -. Mea- 
sure with a digital multimeter after 
wiring these. A word of warning. 
When working with batteries and | 
do this a lot. You must make extra 
sure that you do not short out the 
wires from the battery. If you are 
soldering wires to “live”, i.e. 
charged batteries and you should 
always assume that they are 
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Fig. 22 Power plugs. 


charged, you can get into serious 
trouble in a hurry. Some of these 
batteries can easily generate 100 
amps of current for a short period 
of time and that is a fire hazard to 
say the least. Get expert help if you 
are not sure about what you are 
doing. Better safe than sorry. 

Now get one of the glass di- 
odes, a 1N4148, and solder it into 
place at D2 located at (6.0,1.5). Do 
it in a similar manner that you did 
D13. Be careful as the glass eas- 
ily breaks. Be sure to read Dave’s 
instructions that all diodes 
mounted vertically have the 
banded end at the top away from 
the baord. Proud to say that this 
was my suggestion years ago as 
the first kits had different orienta- 
tion for some diodes and it could 
Cause confusion. 

If you are following these build- 
ing instructions then it is time for 
your first test. Make sure the bot- 
tom of the board is above any con- 
ducting objects. Use standoffs 
please. Connect the battery to the 
transceiver at this time. Watch for 
signs of trouble and gently touch 
the 78L08 to see if it is hot or the 
wires from the battery are hot. This 
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means that a lot of current is flow- 
ing and you have a short some- 
where on the board. At this time 
with so few parts this should not 
occur, but I’m not there to help you. 
Make very sure that you always 
connect the + terminal of the bat- 
tery to the wire that goes to Vsupply 
(+) and the negative battery termi- 
nal to GND or negative (-) lead 
from J4. Pay attention at all times 
and if you are tired then you should 
quit. The rig won't run off in the 
middle of the night. Another warn- 
ing. Touching parts is a dangerous 
practice. | have touched metal 
transistors that at the time were 
running a lot of current and were 
over 100 degrees C and | wound 
up with a blister on my finger. So 
don't do this as a general habit. 
Please. 

With power applied, use a digi- 
tal multimeter in the VOLTAGE 
position and measure the voltage 
at J2 pin #1. This is at (6.5cm, 
3.5cm) K7QO coordinates. You 
should read close to 8.00V. OH, 
you might not know about DMMs. 
The red lead should touch ONLY 
the point at which you wish to mea- 
sure the voltage. The black lead 
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should touch one of the standoff 
screws or one of the pads at the 
four corners. The pads are square 
and tin plated. | did get exactly 
8.00V, but this does not mean that 
you will. Parts will vary slightly and 
you may read something like 7.89V 
or even 8.07V. Anything within a 
5% or so is fine. This is not rocket 
science. Look back at your sche- 
matic to see at what point you are 
doing your measurement. | em- 
phasize the point that you double 
check to see that your meter is in 
the voltage position. | have lost 
several fuses in the multimeter by 
having it in the wrong position. 

At this time with very few parts 
on the board making measure- 
ments is easy. Touch the probe 
from the DMM to the center of the 
pad since there are no leads from 
parts soldered at this time. Later, 
~ when you have to make measure- 
ments in a crowded area you have 
to pay attention at all times and pay 
particular attention that you do not 
touch the lead(s) to more than one 
pad or lead at a time or you can 
Cause a short and destroy one or 
more parts in the process. | don't 
mean to be always warning you of 
things but be careful at all times. 

OK. Look on the board at 
(2.0,1.4) in the lower left quadrant 
and you will see a rectangular out- 
line labeled U1. This is for an IC 
socket. See the left side and the 
round dimple on the outline? This 
is used to show how the IC will be 
installed. Starting at the bottom left 
the pins are numbered 1, 2, 3, and 
4 for the bottom row. Continuing in 
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a CCW direction the top row will 
be pins 5, 6, 7, and 8 from right to 
left. If you look at the schematic 
you will see that pin 8 (the upper 
left pad) is connected to V_r (read 
as V-sub-r) which comes from D2. 
Measure the voltage at pin 8 of U1. 
This voltage will be less than what 
you measured as the output from 
the 78L08 because of the voltage 
drop across D2. | get 7.72V. Look 
carefully at the PC board and you 
will see a conductor running under 
the green solder mask up from pin 
8 to the bottom pad of Q2. This is 
the collector of Q2. Measure the 
voltage at this pad of Q2. You 
should get the same reading as 
you did previous at pin 8 of U1 
(mine was 7.72V). Follow the PC 
board trace from pin 8 of U1 to the 
right and you'll see it winds around 
(technical talk for it does not make 
a Straight line path) to pin 8 of U3. 
Measure the voltage there also. 
Get the same voltage as before? 
Good. Look back at the schematic 
and you should see a line from pin 
8 of U3 to a crossing of lines and 
off to the left an arrow pointing to 
V_r. This means that a conductor 
or wire goes from this point to all 
other points labeled in the sche- 
matic as V_r. It saves clutter in the 
schematic and is done regularly. 
For the schematic that | produced 
for this rig | show the wire. No big 
deal. 

I'm having you do this exercise 
now to help you see what is going 
on and to check out work as we 
progress. It makes building a lot 
easier, gives you positive feed- 
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back, and trains you to make care- 
ful measurements. You may wish 
to keep a journal on each step for 
future reference and to aid in ask- 
ing for help later on. OK, now un- 
plug everything from the rig (trans- 


ceiver) before proceeding. Make it 
a regular habit to turn off things 
when you leave the lab or area you 
are working in and before going 
back to soldering parts into the 
board. 


Fig. 22 VFO Schematic 


Step 2 — VFO Section. 

Before you begin building any- 
thing may | suggest something. 
Make a photocopy of the sche- 
matic. You don’t have to do that 
here as you can easily go to my 
web page, bring up the Adobe PDF 
reader and print out the schematic 
that | have already done for you. 
Then with a highlighter of your fa- 
vorite color you should highlight 
each component as you install it. 
It will Keep you out of trouble. | did 
that, but | forgot in this writeup to 
put in L1 when | first published it 
on the web. This caused me some 
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embarassment on QRP-L when 
someone brought it up publicly. In 
doing a rewrite and update here is 
what | did. | printed off this article 
(19+ pages on my printer) and with 
the highlighter and red pen cor- 
rected things and modified text as 
| went along. | also printed off an- 
other copy of the schematic and 
highlighted parts as they appeared 
on the page. This way | guaran- 
teed myself that | left nothing out. 
Well, as much as one can guar- 
antee things. :-) 

We are now going to build the 
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variable frequency oscillator sec- 
tion of the transceiver. You may 
think of this as the heart of the 
transceiver. The oscillator will be 
used to determine the receiving 
and the transmitting frequencies 
while in operation. It is variable, i.e. 
the frequency may be changed. 
This is accomplished by using a 
variable capacitor (varicap) that is 
actually a diode with capacitance 
between the anode and cathode 
that is varied by applying a voltage 
across the diode. This diode is D1 
and is a MV1662. C103 is a by- 
pass cap to keep the radio fre- 
quency oscillations (RF) from the 
tuning variable resistor and the 
voltage regulator U2. R18 is acur- 
rent limiting resistor and also 
serves as an isolation resistor so 
that the oscillator does not see 
C103 and the rest of the circuit to 
the left of D1 in the diagram. C8 


Q2 and the oscillator itself as C8 
blocks the DC voltage from getting 
to the junction for R16, C3, R15, 
Q2 base, C4, and C6. More on the 
circuit in a bit. 

Let’s build up the VFO. I'll go 
from left to right in the schematic 
and just list the parts in order with 
their part designation, markings to 
help identify them, their actual val- 
ues, and then their K7QO coordi- 
nates on the board. | will also at 
points show you a picture of what 
the board looks like at that point. 
This will scare you, but | will show 
you D1 in place but | will have it 
missing in a few pictures because 
lam going to do an experiment for 
the MH101 group. You install D1 
when | show it in the following list. 
C103 (103) 0.01uF disc cap 
(4.0,3.5) just to the left of C102 al- 
ready installed. 

R18 (brn-blk-grn) 1M resistor 
(3.5,3.5) just to the left of C103 


Fig. 23 C103 and R18 Installed 
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Fig. 24 MV1662 Diode 


D1 (no markings) MV1662 diode _line flat side. 

(3.0,3.0) Make sure to follow part C8 (120) 120pF NPO mono cap 
outline on the board with flat side (has blue body with white mark- 
of the diode aligned with the out- ings) (3.5,3.6) just above R18 


Fig. 25 D1 and C8 Installed 


C6 (332) 3300pF NPO mono cap _€4 (332) 3300pF NPO mono cap 
(2.0,3.5) and note mine may be 3.0.3.8) 


slightly different than yours C5 (332) 3300pF NPO mono cap 
20 QRPp Summer 2001 


(3.0,3.5) In the next step you will 
install R17. Before doing so look 
at its outline on the board and note 
the ground plane. You will install 
resistor reversed in order that the 
lead that is at the top will not be 
the ground plane just in case we 
need to measure this. If you have 
already installed the resistor in the 
direction on the board, then do not 
remove it. It will not affect the op- 
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R16 (red-red-org) 22K resistor 


(2.6,2.8) just to the left of D1 
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eration of the circuit at all. 

R17 (red-red-red) 2.2K resistor 
(1.2,3.4) left of C6 and note instal- 
lation opposite of outline on board. 
See Dave’s note in manual on 
page 9 left hand side margin of the 
diagram. 

C9 (10) 10pF disc cap (0.6,3.5) just 
to the left of R17 

C10 (271J) 270pF disc cap 
(0.7,4.5) just above C9 


Fig. 27 R16 & R15 Installed 


R15 (yel-vit-org) 47K resistor 
(2.4,2.8) just to the left of R16 
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C3 (10) 10pF disc cap (2.5,2.1) 
C2 (47) 47pF disc cap (2.5,1.9) 
Q2 (2N4401) 2N4401 NPN Tran- 
sistor (2.9,2.9) left of R15 

L1 (150-6 0.50" diameter yellow 
toroid) 29 turns of #24 wire with 
length of 47 cm. See building 
manual for details on toroids and 
winding or see the ARRL Hand- 
book. 

This completes the VFO sec- 
tion. Please note that we have not 
installed the capacitor at C7 yet. 
We have not connected the tun- 
ing pot that will be on the front 
panel yet. | prefer not to do this at 
this time in order to save the hassle 
of having it flop around during the 
rest of the assembly or having to 
unsolder it after doing some tests. 


Step 3 — VFO Alignment 
OK. Congratulations are in or- 
der. You have just completed a 
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major project. It is now time to test 
the system to see how it is work- 
ing. Let me break this down into 
several ways to do it all dependent 
upon your skill level and just how 
much money you have spent in 
your life up to this point on elec- 
tronic test equipment. If you have 
been a regular lurker on QRP-L 
then you may have picked up 
some of the bargains that came 
along at Radio Shack and other 
places. Then there is some test 
equipment that you can build and 
this is how you can get started on 
the journey to building a lot of stuff. 
DMM Only 

A digital multimeter is a valu- 
able tool and very inexpensive in 
this day and age. Harbor Freight 
just recently had one on sale for 
$9.99 and sometimes you can find 
DMMs on special sale at Radio 
Shack. Let me warn you. There are 
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people out there that will give you 
1,000 reasons why you should not 
use one or trust one. These indi- 
viduals will tell you that doing a 
measurement will affect the circuit. 
Heisenberg, a famous physicist 
who may or may not have slept 
here or there, determined that if 
you measure anything you affect 
it. True here, but we are just trying 
to determine if things are working 
and this is not rocket science. So 
ignore every one but me. | do know 
what I’m doing here. 

|! am going to have you take 
some measurements with the 
power applied to the circuit thus far 
built. | will have to measure at 
points that are easy to reach. 
Please be careful and not drop the 
digital probe and make sure the 
pointy end thingy only touches one 
thing at any one time. Don't get 
distracted. Remember that the 
point at the end is a conductor 
made of metal. If you happen to 
allow it to touch more than one 
point at once then you can create 
a short circuit, i.e. 0 ohm resis- 
tance between two points, that 
might just cause a lot of current to 
flow and destroy all your work. 
Been there. Done that. It’s not a 
pretty picture. I’m not trying to 
scare you here, just let you know 
that things do happen if you are not 
careful and even when you are and 
you think you know all there is to 
know about everything. 

For these measurements use 
the negative lead (-) of the DMM 
to connect to one of the standoff 
ground pads at either of the four 
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corners of the PC board. Then use 
the positive lead (+) of the DMM to 
make these measurements. With 
the components standing vertically 
on the PC board we will touch the 
probe to the lead at the top of the 
part. This is easy to do and not very 
dangerous compared to trying to 
get a probe to touch a lead at the 
base of the part and between other 
close parts where we could easily 
create a short circuit. | will give you 
the part number and the voltage 
that | get. You DO NOT have to 
get the same exact voltage that | 
do. Just in the ballpark will do. 
Problem with digital stuff is that 
people tend to take the numbers 
as the only correct ones. 

We have not connected the 
tuning variable resistor to J2 and 
we don't need to. The oscillator will 
run just fine without it. We just can't 
adjust the frequency. We can do 
something later in this section if 
you have the equipment to do the 
adjustments. 


R18 0.070V 
Ripa tv 
Ris 2:34 
R17 2.98V 
D2 7.49V 
The value of R17 will be close to 
this if you installed R17 differently 
from the outline on the PC board 
as per Dave’s note on page 9 and 
my suggestion previously in this 
writing. Otherwise you will get 0.0V 
even if the circuit is operating prop- 
erly. 

If you got close to the above 
voltages then you have a working 
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VFO. In fact if you got a non-zero 
value at R18 then the oscillator is 
running. The diode D1 R18 and 
C103 combo acts like a RF probe 
and proves that RF currents and 
voltages are at work in the circuit!! 
Are we good or what? The A-team 
at work, you and me kid. If you 
don’t have the equipment to do the 
following sections, then not to 
worry. Your VFO is working and 
you can move on to the next build- 
ing section. 

Frequency Counter Measure- 
ments 

If you own a frequency 
counter, like the Radio Shack one 
that was on sale last year | believe. 
Model number 22-306 is the one 
that | have and | also have my 
trusty Heathkit IM-2410 that | 
dearly love. Anyway, using the fre- 
quency counter measure the fre- 
quency (while the VFO is powered 
up) at pin 6 of U1. If you look at 
the schematic you will see that we 
are getting output from the VFO 
through the coupling cap C3 which 
is very small, 10pF. This C3 cap 
helps keep the VFO somewhat iso- 
lated from the NE602/NE612 mixer 
chip but couples some of the RF 
energy to the local oscillator (LO) 
input of the mixer. 

Also measure at pin 2 of U5, 
the transmitter mixer. You should 
get about the same thing. Because 
of the affect of the counter on the 
circuit may vary at the two places 
you won't get the exact same read- 
ing but pretty close. 

The intermediate frequency 
(IF) for this rig is 7.680MHz. This 
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means that in order to get the fre- 
quency range of 30 meters, 
10.100MHz to 10.150MHz, you 
have to have the VFO working at 
10.100MHz - 7.680MHz or 
2.420MHz for the low end of the 
band and 10.150MHz - 7.680MHz 
or 2.470MHz for the high end. This 
tuning range is not possible with 
the SW-30+ VFO circuit as it is and 
| measured about 36KHz range, 
which is just fine.. As it turns out, 
without the tuning voltage applied 
to R18 and thus D1, the VFO is 
operating at its lowest frequency. 
The toroid that we wound with 29 
turns, L1, helps determine the op- 
erating frequency of the VFO. Af- 
ter powering up my VFO and 
checking its frequency with the fre- 
quency counter | found that the fre- 
quency was 2.4748MHz which is 
too high. Since the frequency goes 
as 1/(2*pi*sqrt(L*C)), in order to 
lower the frequency we either in- 
crease L or increase C. Increas- 
ing L means removing the L1 tor- 
oid and rewinding with an added 
turn. Too much trouble | guaran- 
tee you. So Dave was smart 
enough to include in the kit some 
extra caps with values of 22pF, 
47pF, 68pF, 82pF, 100pF, etc. 
These he shows in his parts list as 
C7A, C7B, etc. Here is what | do. 
Cut the leads on these parts to 
about 1.0cm and set their leads to 
slightly larger spacing than the two 
holes in the PC board for C7. | then 
put one cap in the C7 position with 
a friction fit to hold it in place on 
the board with the leads making 
contact. | then measure the reso- 
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nant frequency of the VFO with the 
cap in place. That way | do not 
have to solder, measure, unsolder. 
solder the next cap into place, 
measure, unsolder, etc. Remem- 
ber we are shooting for 2.420MHz 
here or within a few KHz. 

Here is what | get for my VFO 
and the 3 caps that! had to use to 
get close. 


C7=0pF 2.4748MHz 
C7=22pF 2.4523MHz 
C7=47pF 2.4260MHz 
C7=68pF 2.4070MHz 


So the 47pF is close enough. 
| soldered it in. Now comes the 
tricky part, well kinda the first time 
you do this. You can further change 
the frequency by “squeezing” the 
turns on L1 closer together. Please 
note. This does not change the in- 
ductance of the coil. If it did, | can 
get you a nobel prize in physics if 
you prove otherwise. What you do 
is change the distributed capaci- 
tance across the coil. By moving 
the turns closer together you in- 
crease this capacitance and you 
further lower the resonant fre- 
quency of the circuit. Try it with just 
a small movement of the turns. By 
spreading the turns out a little you 
lower the frequency. Go the way 
that you need to go to get to 
2.420MHz as the measured fre- 
quency out of your VFO. This will 
be the lower tuning range of your 
VFO. Good work. Take a break. 

If by any chance you start out 
with the frequency of the VFO less 
than 2.420MHz, then you will have 
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to unsolder L1 and remove one 
turn and resolder it back in place. 
It may be that you wound one too 
many tums, but then again the vari- 
ance in the magnetic properties of 
the cores may have caused the 
slight problem. But you can fix it 
easily. 

Now if by chance you happen 
to own an oscilloscope then use it 
to measure the waveform at pin 6 
of U1 and pin 2 of U5. You should 
see a nice sine wave at each point 
They do not have to have the same 
magnitude. | may come back with 
this measurement later if | get a 
chance to remember to do it. It is 
just nice to see the waveforms and 
know exactly what they look like. 


Step 4 — Receiver Audio and 
Testing 

Since | am assuming here that 
you are a first time builder and also 
that you don’t have a lot of expen- 
sive test equipment, then let's build 
this puppy in an order that will give 
you some feedback as you go. 
Since you my not own any other 
radio equipment | have to consider 
that possibility and you can build 
this transceiver without a lot of 
equipment. Just some thinking and 
some planning and I'll do that for 
you. 

Look at the schematic for the 
transceiver. You do not want to 
build the transmitter first as you 
may not have everything to test it 
out properly, so let's build the re- 
ceiver. We are going to use your 
ears as 2 piece of test equipment 
So | am going to start at the audio 
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output and build the receiver from 
right to left on the schematic. And 
I’ll show you some neat tricks that 
| use even though | have the nec- 
essary test equipment. By building 
this way | can do a quick test and 
not have to drag out some equip- 
ment, and get set up. 

So here is the order we'll do 
this building stage. We are work- 
ing from the top right hand side of 
the schematic. Starting with R14. 


R14 (brn-blk-blk) 10 ohm resistor 
(9.0, 2.1) 

C27 (47uF) 47 uF electrolytic cap 
(8.5, 2.1) note the longest lead is 
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the + lead and the short lead is the 
(-) lead. Also the side of the cylin- 
der for the negative (-) lead has a 
black looking stripe, but if you look 
closely at it it is a black arrow with 
a minus sign in it. Neat stuff if you 
look close enough. 

R13 (brn-blk-grn) 1M resistor (8.0, 
2.4) 

C25 (821J) 820pF mono cap (8.0, 
2.9) just above R13 and this mono 
Cap was a dark brown in color in 
the kit | got. Mileage may vary. 
C26 (222J) 0.0022uUF mono cap 
(8.0, 3.0) 

R11 (grn-brn-yel) 510K resistor 
(8.2, 3.4) 


Fig. 29 R14, C27, R13, C25, C26 & R11 Installed 


Sorry for the slight out of focus 
here, but you get the general idea. 
Continuing on.... 

R12 (brn-blk-grn) 1M resistor (8.7, 
0.3) TRICKY. Low right corner near 
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edge of board and between C107 
and C22. The usual standing on 
edge resistor placement. Here is 
a picture to help. See Fig. 30. 
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C107 (104) 0.1uF mono cap (9.1, 
0.5) 

R6 (brn-blk-blk) 10 ohm resistor 
Gr, 3:5) 

C106 (47uF 25V) 47uF electrolytic 
cap (7.4, 2.6) 

8 pin socket at U4 in the middle 
of the stuff you just put in. Make 
sure the little half-moon shape in 
the socket end matches with the 
white outline on the board. Hold 
socket in place with some mask- 
ing tape and the solder ONLY 
TWO pins. | choose two pins on 
opposite corners to solder. Then 
turn board back over and look at 
the socket. Is it in the right place? 
Does the half-moon match the 
silkscreen outline? Is the socket 
down on the board all the way. 
Reheat the pins to adjust the 
socket if necessary. 
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Fig. 30 Showing the placement of R12 near the edge of the board. 


| put a stereo 3.5mm jack at 
J3, pins 1 and 2 by using some 
small wire and tack soldering for 
temporary installation. See the fol- 
lowing pic. Pin 1 is ground and pin 
2 is the audio output. For stereo 
phones you wire pin 2 to both right 
and left (tip and ring of the jack. 

Look for the U4 IC labeled 
5532. Mine was manufactured by 
Raytheon and had RC5532N on 
the top. Yours will most likely be 
the same or close to it. Note the 
small circular indentation on the 
top. This is pin 1 of the IC. It will go 
on the end where the half-moon is 
on the socket and board outline. 
Use Dave's instructions for mak- 
ing sure the pins are straight and 
carefully insert the IC into the 
socket. Do not force it with too 
much pressure. It may take a 
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Fig. 33 IC in place. 
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pound or so if it is stubborn, but 
make sure the pins are in the right 
position in the socket before you 
really push. 

Note the markings and you 
can see a dark circular dot that is 
the edge where pin 1 of the IC is 
located. 

OK, take a break. Run off to 
the sink and wash your hands. 
You'll see why in a second. 

Now the moment of truth. Plug 
in some Sony Walkman type head- 
phones into the jack. Place the 
headphones just in front of the ears 
in case upon power up the audio 
stage starts screaming. Most likely 
it will not if you have been careful. 
Plug in the power source. In my 
case the gel-cell battery. You 
should hear a slight pop and then 
pretty much silence. OK. Lightly 
lick your pointing finger. (See why 
| had you wash your hands? Touch 
only the top of R11. You should 
hear some hum in the headphones 
at this time. Maybe a slight pop 
when you touch or rub the top of 
the lead to R11. This proves that 
your output audio stage is working 
correctly. 

This pretty much concludes 
the building of the final audio stage 
of the receiver. Congratulations 
again on a fine job. We can now 
move on to the muting circuit next. 


Step 5 — Muting Circuit and 
Testing 

We now want to move to the 
next stage towards the front end 
of the receiver. This consists of Q1 
and about 5 other parts so this 
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goes quick. This circuit is some- 
thing that Roy Lewallen, W7EL, 
came up with in his famous direct 
conversion rig for 40 meters. You'll 
see a lot of people using this cir- - 
cuit in their designs. By now you 
should be pretty comfortable iden- 
tifying parts and figuring how just 
where they go on the PC board. 
Remember to concentrate and 
take your time. This is not a race. 


R10 (red-red-org) 22K resistor 
(8.6, 2.8) 

R9 (yel-vio-grn) 4.7M resistor (8.8, 
2.8) 

Q1 (MPF102 or 2N5485) JFET 
(9.3, 2.8) either part will work here 
and | had a 2N5485. Again, re- 
member to place transistor ori- 
ented according to the board out- 
line and do not force the transistor 
too far onto the board and break 
off one or more leads. | allow about 
3 or 4 mm spacing above the 
board. (1/8") 


C24 (104) 0.1uF mono cap (9.7, 
2.8) 

R8 (brn-blk-grn) 1M resistor (9.3, 
2:2) 

D5 (1N4148) 1N4148 Si diode 
(9.7, 2.0) 


See, that went pretty fast. Now 
here are some pictures of the com- 
pleted section from different 
angles. Note the schematic and 
the highlighted parts that were in- 
Stalled. | find that when | do this | 
don’t miss things. Forces me to 
take more time and care in build- 
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Now for testing. Hook up the head- 
phones BUT DO NOT PUT THEM 
ON. This test will blow your ears 
off if you try to get ahead of me. 
Now hook up the battery or your 
power source. You should be able 
to hear a tone coming from the 
headphones. What we have built 
with the addition of the muting cir- 
cuit is an audio oscillator. Pretty 
loud isn’t it? 

This next step must be done 
carefully. Find a short piece of wire 
about 2 cm long. Use it to connect 
pin 3 of J3 to pin 1 of J3. This in 
effect acts like a straight key and 
shorts the cathode of D5 to ground. 
This turns on the muting circuit and 
the tone in the earphones should 
stop. If it does you are home free. 
If it does not, then go back and 
check the parts that you just in- 
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Fig. 34 Muting Circuit Installed 


stalled. Hopefully you did not zap 
the JFET with a static discharge. 
Check the underside of the board 
and look for bad solder connec- 
tions, shorts, etc. 


Step 6 — Audio Preamp Circuit 
and Testing 

Moving right along we are now 
going to wire up the other half of 
the 5532 IC. This part of the re- 
ceiver amplifies the audio gener- 
ated by the U3 IC acting as a de- 
tector. 


D4 (1N4148) 1N4148 Si diode 
(7.6, 1.8) just to the left of U4 the 
5532 IC 

D3 (1N4148) 1N4148 Si diode 
(123,18) 

R7 (grn-brn-yel) 510K resistor (7.1, 
1.8) 
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C23 (151) 150pF ceramic disk cap 
(6.8, 1.8) 

C22 (151) 150pF ceramic disk cap 
(8.2, 0.3) just to the left of R12 


OK, that again went pretty 
quick. Hook up headphones and 
battery and this time there should 
not be any tone coming from the 


QRPp Summer 2001 


Fig. 35 D4 in place. 


Fig. 36 The Board after th 


headphones. Use your DMM 
probe and touch the pad just to the 
left of C22. This should cause a 
hum to be heard faintly in the head- 
phones. Once again you are ever 
closer to the finish line. The PC 
board is looking pretty crowded in 
the lower right hand corner isn't it. 
And you did all that work yourself. 


| 


e first 6 steps. 
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Step 7 — Receiver Detector Cir- 
cuit 

This section is the point in the 
receiver where the signal coming 
from the IF crystal filter (crystals 
Y1-Y3 and associated compo- 
nents is turned into audio tones. 
The NE612A (or its equivalent) has 
an internal oscillator which uses 
C17, C18, and Y4 to create a RF 
signal which is mixed with the in- 
coming signal from pins 1 and 2 
and the difference is output on pins 
4 and 5. The output is an audio 
tone dependent upon how far from 
the Y4 frequency the incoming sig- 
nal is. Read the ARRL Handbook 
on mixers and IF stuff. I'll come 
back later with specific pages and 
sections if you need me to do it for 
you. OK, so let's start building. 


R4 (grn-brn-yel) 510K resistor (7.7, 
1.0) and note that this resistor lies 
flat next to U4. 

R2 (brn-blk-org) 10K resistor (7.2, 
0.9) 

R3 (brn-blk-org) 10K resistor (7.2, 
0.5) 

C20 (104) 0.1uF mono cap (6.5, 
153) 

C19 (333) 0.033uF mono cap (6.5, 
1.0) 

C21 (103) 0.01uF ceramic disk cap 
(6.5, 0.5) 

C17 (68) 68pF ceramic disk cap 
(5.5;-4.6) 

C16 and here we use a lead clip- 
ping to short between the two 
pads. This is because C16 is not 


used but is needed in some of the 
other bands that you can build on 
the same board. 

C18 (151) 150pF ceramic disk cap 
(Si 2} 

U3 8-pin IC socket at U3 (5.3, 1.0) 
and again note the half-moon 
notch position. 

Y4 7.680 crystal (6.2, 2.3) and note 
I’m not going into detail on crystal 
matching for this project. If you 
want to get the best IF strip you 
can get from this kit then you need 
to build a series mode oscillator 
and measure the output frequency 
for each crystal. I’m going to build 
this rig without doing the match- 
ing. 

R1 (yel-vio-brn) 470 ohm resistor 
(3.70.8) 

C105 (103) 0.01uF ceramic disk 
cap (4.6, 1.0) just to the left of the 
U3 socket 

C104 (103) 0.01uF ceramic disk 
cap (4.0, 0.5) 

OK, ready to test again. Hook 
up headphones and battery. You 
should hear a slightly louder hiss 
that in the previous steps. This is 
caused by the internal thermal 
noise generated by the NE612A. 
If you touch the top lead of R1 with 
the DMM probe you will hear the 
noise level increase further, espe- 
cially if you hold your finger on the 
tip at the same time. This proves 
the circuit is working. Congratula- 
tions again. You are now just about 
at the expert level of building. 
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Step 8 — Receiver IF Crystal Fil- 
ter Circuit 

In this section we will be wir- 
ing up the 7.680MHz IF filter. There 
are not all that many parts. 
C15 (271) 270pF ceramic disk cap 
(422-5122) 
Y3 7.680MHz crystal (5.2, 2.3) 
C14 (271) 270pF ceramic disk cap 


Fig. 37 The Board after Step 7 


(A723) 

Y2 7.680MHz crystal (4.4, 2.3) 
C13 (271) 270pF ceramic disk cap 
(4.1, 2.3) 

Y1 7.680MHz crystal (3.6, 2.3) 
RFC1 (brn-blk-blk) 10UH molded 
choke (3.2, 1.9) 

C12 (271) 270pF ceramic disk cap 
(3:5; 3) 


Fig. 38 The Board after Step 8 
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To test this installation, once 
again hook up the earphones and 
battery and listen and you should 
be hearing the hissing type noise 
that you heard in previous steps. 
Not much else we can do here to 
check this out unless you have a 
crystal tester or crystal oscillator 
that you can take the remaining 
7.680MHz crystal and place in the 
tester and power it up. WARNING. 
Do not put the crystal tester too 
close to the receiver in the SW- 
30+. The receiver is running wide 
open, i.e. at maximum gain and is 
very very sensitive. You should be 
able to hear the crystal oscillator 
when you turn it on. The tone is 
dependent upon the type of oscil- 
lator circuit you have for the crys- 
tal tester and how close the fre- 


OES gt RE Say: 


quency is to the frequency of the 
crystal in the detector circuit or 
crystal Y4. This concludes this test. 
Power off the rig and remove the 
earphones and proceed to the next 
wiring stage. 


Step 9 — First Receiver Mixer 
Circuit 

This wiring phase involves wir- 
ing the first mixer U1. After this you 
will pretty much have a working re- 
ceiver. 
C11 (22) 22pF ceramic disk 
cap&bsp (3.2, 0.9) 
U1 IC socket Again same rules as 
for the other installed sockets: 
C101 (104) 0.1uF mono cap (2.5, 
1:52) 
T1 (421F 123) 10.7MHz IF trans- 
former 


Fig. 39 The Board after Step 9 
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OK, now we have the receiver 
wired up. Connect earphones and 
battery and you should hear hiss/ 
noise in earphones. Touch either 
pad where C1 would have gone 
next to T1. The noise level should 
increase. Also touch the top pad 
of J1. If you have a short piece of 
small wire, touch it to the top pad 
of J1 and the noise level should 
increase a bit more. Take a non- 
magnetic screwdriver or some 
plastic piece and adjust the tuning 
slug in T1 for maximum noise level 
with the wire at J1. 

If you want to play just a little 
bit more here, you could power off 
the rig and temporarily solder leads 
from J2 to the tuning pot. See 
Dave’s manual page 14 on where 
the 100K linear taper pot goes. But 
you may want to wait until the next 
stage to do this. It’s all up to you 


‘and just how much you want to 


play around. 


Step 10 Output Low Pass Filter 
The following components will al- 
low us to connect the receiver to 


ARE Bs 
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an antenna and further check it out. 
It will also get us one step closer 
to getting the transmitter to work 
as this section has components 
common to both the receiver and 
the transmitter. | have put these in 
order that will make it easy to work 
inasmall area and get the smaller/ 
lower parts in first to avoid work- 
ing crowded places. 


C37 (331) 330pF ceramic disk cap 


(9.8, 6.0) 
C38 (681) 680pF mono cap 
(9.8,5.6) 
C39 (331) 330pF ceramic disk cap 
(9.8, 4.6) 
C40 (22) 22pF ceramic disk cap 
(8.4, 6.5) 
D10 (1N4148) 1N4148 Si diode 
(§:0,,6.5) 
D9 (1N4148) 1N4148 Si diode 
CL-7. 0) 
D8 (1N4148) 1N4148 Si diode 
(725, 6:5) 


D7 (1N4148) 1N4148 Si diode 
(7.2, 6.5) 


Fig. 40 Step 10 Parts C37 - D7 Installed 
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C113 (104) 0.1uF mono cap (7.6, molded choke (6.8,5.8) 
5.8) just to the right of C36 (104) 0.1uF mono cap (8.7, 
D13 RFC3 (brn-blk-blk) 10uH 5.3) 


Fig. 42 Step 10 L2, L3 & L4 Installed 
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L2 (FT37-43 toroid) 6 turns of #24 
wire of length 10cm on grey core 
(G225,5.5) 
L3 (T37-6 toroid) 15 turns of #24 
wire of length 25cm on yellow core 
(9.0, 6.5) 
L4 (T37-6 toroid) 15 turns of #24 
wire length 25cm on yellow core 
(9.4, 6.5) 

OK, wiring is done. First test. 
Using ohmeter in continuity check 
(the DMM makes a beeping sound 
when you measure a very low re- 
sistance or short) put one lead at 
pad labeled RF (the smaller pad 
at RF OUT) at (9.2, 4.0). Using the 
other lead see if you get continuity 
to each of the pads at L3 and L4. 
This insures that the leads are 
cleaned and soldered properly. 

Second check. Test continuity 
from the top lead of RFC3 to cen- 
ter pad of J1. 

And an optional more ad- 
vanced test. Take a small clip lead 
and bend it and friction fit it into the 
two top pads of J1. What this does 
is feed input of receiver direct to 
RFC3 and from there to the an- 
tenna connection. Take a small 
insulated wire of length one meter 
or so with a small part of the end 
Stripped and tinned and insert it 
into the RF pad just above the right 
hand center of the board near C39. 
This wire will be a temporary an- 
tenna. | would not solder it, just let 
it sit in the hole and make contact. 
Now power up the SW-30+ and 
connect earphones. You should be 
hearing some atmospheric noise, 
especially if there are thunder- 
storms somewhere in the US. Re- 
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moving wire should cause a drop 
in noise level in the headphones. 
Tune T1 for maximum noise level 
with the antenna attached. And if 
you have the tuning pot (100K) 
hooked up you just might be able 
to tune around and hear signals. 
The 30 meter band for hams is 
from 10.100MHz to 10.150MHz 
and if you had a frequency counter 
and were able to set the VFO 
range you can hear in this range. 
If not, then we will have to solve 
the problem another way later on. 
Congratulations — You have a 30 
meter receiver working. 


Step 11 — Keying Circuit 

In this section we are going to 
wire up the parts that cause the 
transceiver to switch from receive 
to transmit whenever a key or 
keyer is used. The receiver never 
really completely turns off during 
transmit, but the muting circuit pre- 
vents the receiver front end output 
from getting to the final audio am- 
plifier and only just a small frac- 
tion of the energy passes and pro- 
vides us with a sidetone. 


Q3 (2N3906) 2N3906 PNP Tran- 
sistor (6.3, 6.5) 

C111 (104) 0.1uF mono cap (5.5, 
6.6) 

R20 (red-red-org) 22K resistor 
(6.2, 6.2) 

R21 (brn-blk-org) 10K resistor (6.4, 
5.5) lays flat on board 

C112 (220uF) 220uF electrolytic 
cap (7.5, 5.0) + terminal to the 
right, - lead to the left 

C110 (47uF) 47uF electrolytic cap 
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(1.5, 6.5) located upper left hand 
corner of board 

R19 (brn-blk-red) 1K resistor (1.0, 
6.0) left below 

C110 in previous step 

D11 (1N5236B) 7.5V Zener Diode 
(0.5, 6.0) diode taped on the yel- 
low slip of paper 

C109 (103) 0.01uF ceramic disk 
Cap just above C10 and labeled 
just 0.01 

C108 (103) 0.01uF ceramic disk 
cap just above C109 and labeled 
just 0.01 Note that this cap is not 
part of this circuit but put in be- 
cause | don’t want you to get con- 
fused and miss C109. 

OK, testing time again. Hook 
up headphones and battery. You'll 
hear some background hissing 
type noise in the headphones as 
in previous steps. 
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Fig. 43 The Board after Step 11 


Test 1: Short pin 3 of J3 to pin 
1 of J3. This simulates a key down 
condition. You should hear the au- 
dio in the headphones mute, i.e. 
disappear or get real quiet. 

Test 2: Take DMM and mea- 
sure voltage at pin 8 of U5. With 
key up condition you get almost 
0.0V. With the key down condition, 
short 3 to 1 of J3, the voltage 
should exceed 7V. | got 10.87V 
and this because we don’t have an 
IC in yet. When you release the key 
down condition you will note that 
the voltage does not immediately 
decrease to OV, but takes some 
time. This is due to no high cur- 
rent drain on the caps in the circuit 
as we don't have an IC online at 
this time. 

If the above two tests pass, 
then the circuit is working properly. 
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Congratulations again. 


Step 12 — First Transmitter 
Mixer Circuit 

In this section we will start from 
the front of the transmitter section 
and work our way to the final power 
amplifier (PA). 
C28 (47) 47pF ceramic disk cap 
(1.8, 6.0) 
C29 (221) 220pF ceramic disk cap 
(2.7, 0:7) 
RFC2 (blu-gry-gid) 6.8uH molded 
choke (2.7, 5.5) 
Y5 7.680MHzZ crystal (2.5, 6.5) 
IC socket at U5 (2.0, 5.0) and by 
now you are an expert, so no in- 
structions needed here install the 
NE612A IC into the socket 


OK, back to testing again. 
Hook up battery and headphones. 
Now, redo the key down condition, 
i.e. short pin 3 of J3 to pin 1 of J3. 
This time you should hear a very 
weak tone in the headphones. This 
means that the VFO frequency is 
combined with 7.680MHz to gen- 
erate a 10.1XX MHz RF signal. 
You first part of your transmitter is 
now working. If you want to play 
around just a second like a kid that 
| know you are, try sending some 
code using the wire that you have 
for shorting pin 3 to pin 1. OK, 
that's enough, back to work. Re- 
move the battery and the head- 
phones and get back to soldering. 
You are so good. 


Fig. 44 Picture of the board showing the xmitter mixer area wired 
up. 
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Re askis | 
Fig. 45 The Board after Step 12 


Step 13 — Transmitter sometime and energy getting this 
Bandpass Circuit thing in between two big critters 
T2 (421F 123) 10.7MHz IF trans- 13 (421F 123) 10.7MHz IF trans- 
former (3.8, 6.0) former (3.8, 4.5) 


C31 (151) 150pF ceramic disk cap ©33 (103) 0.01uF ceramic disk cap 
(3.0, 5.2) note we did this before (4.5, 4.5) located just to the right 
the next transformer to save you of T3 


Fig. 46 After Step 13. Note that C31 is between the 2 IF cans, T2 & 
T3. 
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OK, back to testing again. 
Power up and put on the head- 
phones. Once again, key down 
and you should hear the tone in the 
phones. You might adjust T2 and 
T3 for a maximum, but it won't 
make too much difference at this 
time. You're done for this test. Un- 
hook battery and phones and con- 
tinue wiring. 


Step 14 — Transmitter Buffer/RF 
Amplifier Circuit 

Q4 (2N4401) 2N4401 NPN Tran- 
sistor (4.7, 5.4) just to the RHS of 
center of T2/T3 locations 

R23 (red-red-org) 22K resistor 


(5.0, 5.1) R22 (brn-blk-org) 10K 
resistor (5.1, 5.2) 

R24 (3 legged blue critter) 500 
ohm variable resistor (5.0, 6.1) 
C34 (103) 0.01uF ceramic disk cap 
(5.8, 5/8) 

Carefully turn the adjustment 
of R24 (the variable resistor) fully 
counter clockwise (CCW). This 
makes the output from this circuit 
a minimum. 

OK, headphones back on and 
batter connected. Key down and 
you should hear a tone. No need 
to mess with the variable as it won't 
do anything to effect the volume 
of the tone at this time. 


Fig. 47 After Step 14 
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Step 15 — Transmitter Buffer/RF 
Amplifier Circuit 

R26 (yel-vio-brn) 470 ohm resis- 
tor (6.1, 5.6) 

R25 (red-red-red) 2.2K resistor 
(6213.5) 

Q5 (2N4401) 2N4401 NPN Tran- 
sistor (5.2, 4.6) 

C114 (104) 001uF mono cap (4.6, 
3.8) 

R28 (grn-brn-blk) 51 ohm resistor 
(5.0, 4.0) 

R27 (brn-blk-blk) 10 ohm resistor 
(5.3, 4.1) 

T4 (F 137-43) (6.2, 4.4) 10T:1T pri- 
mary to secondary turns ratio with 


#26 wire for the primary. See 
manual on this one. For the MH101 
crew that is doing it Manhattan 
style | will do a detailed write up. 
It’s just not needed here for this 
group. 

C35 (103) 0.01uF ceramic disk cap 
(7.0, 4.4) 

Once it again it is time to test 
our wiring. Power up and key down 
and you should still hear a tone. 
That's all we can do at this time 
unless you have an RF probe or 
O’scope and look for RF out on the 
secondary winding or at C35. 


Fig. 48 After Step 15 
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Step 16 — Transmitter Power 
Amplifier Circuit , 
This is it. You are four parts 
away from being done with the on 
board wiring and soldering. And | 
won't show the K7QO coordinates 
for these parts as it is obvious at 
this point where you are and where 
they go. 
R29 (grn-brn-blk) 51 ohm resistor 
D6 (1N4148) 1N4148 Si Diode 
D12 (1N5257B 33V Zener diode, 
the last one on the yellow slip of 
paper 
Q6 (2SC2078 or C2166) Final PA 
transistor. Read the manual on 
putting this puppy in. It mounts 
straight up on the board and the 
metal tab is towards the back of 
the board. See the outline on the 


PC board and double check. Look 
at the pictures before installing if 
you are not sure. 

Well that’s all there is for now. 
PLEASE. Do not power up at this 
time. You can ruin the final PA if 
you operate this transceiver with- 
out a dummy load or a good an- 
tenna for 30 meters attached. I'll 
add a section here pretty quick as 
soon as my paint dries on my 
homebrew case and I'll show you 
how to install into a case. If you 
bought the case and pots from 
Dave, NN1G, then follow his in- 
structions on installing the trans- 
ceiver into his case. It is a good 
one as | own two myself. 
Congratulations to you for 
building this transceiver. 


Fig. 49 Mounting detail of final transistor, Q6 
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Fig. 52 Final Board Pictures 


Fig. 53 Final Board Pictures 
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Step 17 — K7QO’s Case 


Here are some photos to illus- 


trate what | do to put a rig into a 
case. | use a Harbor Freight shear/ 
brake/roller that will handle up to 
12" sized metal sheets. | get my 
0.040" thick aluminum sheet as 
one of the surplus metal places in 
Phoenix about 130 km away from 
Prescott. | go down there (mean- 
ing that it is south of me) once a 
month for the AZ sQRPion QRP 
group meetings, so if | need some- 
thing | can drop by their and pick it 
up in the same trip. 

| measure the size of the rig 
and figure on how much room | 
need for stuff on the front and rear 
panels, height of the panels, etc. 
Then on a blank sheet of paper lay 
out the total size of a sheet of metal 
and where it will be bent and drilled. 
| cut it out, bend it and double 
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: : SAS ASS 
Fig. 54 Case bent to shape for bottom half. 


check. Then | drill the holes and 
using a hand tapered reamer en- 
large the holes for the control sizes 
and start putting things together. | 
hope from the photos you can see 
how | do it. Ask questions if you 
have any and I'll try to add stuff to 
the photos and what I’m doing. The 
case costs me about $1.00 US to 
make in materials and paint. | get 
some OEM Krylon paint from Wal- 
Mart for less than a buck a can. 
Nice paint. | cook it at 170 degrees 
F in an electric oven with all the 
exhaust fans in the house going. 
Take Phyllis to dinner and a movie. 
| have yet to label the case with 
press-on lettering in these photos. 
Maybe later if | need to take it out 
for a drive and show it off. Other- 
wise it will probably stay the way it 
is. 


SS 
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Fig. 56 Case Bottom with holes drilled. 
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Fig. 60 Earphone jack in place. 
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Fig. Coax connection from RF OUT to BNC connector on 
back panel. Note the small right angle (Mouser part number 534- 
621) that will hold the top. 


Fig. 64 This is the other end of the coax from the key connection 
to the RCA jack. 
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Fig. 65 Front view of rig with cover installed and the usual Mouser 
knobs that every one else uses. CMOS Ill on the top in its still 
unfinished case. 
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Fig. 66 Another angle view of the front. That’s the earphone cable 
coming out the front right. 
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Fig. 67 The Completed SW30+ 
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SWL30+ Parts List 
Revision 1.000 April 30th, 2001 by 
K7QO, Chuck Adams 


Capacitors 

C1 — not used 

C2 — 47pF ceramic disk cap 

C3 — 10pF ceramic disk cap 

C4 — 3300pF NPO mono cap 

C5 — 3300pF NPO mono cap 

C6 — 3300pF NPO mono cap 

C7 — To Be Determined (select from 
22, 47, 68, 82, 100, 120 or 150pF 
NPO mono caps 

C8 — 120pF NPO mono cap 

C9 — 10pF ceramic disk 

C10 — 270pF ceramic disk 

C11 — 22pF NPO ceramic disk 

C12 — 270pF ceramic disk 

C13 — 270pF ceramic disk 

C14 — 270pF ceramic disk 

C15 — 270pF ceramic disk 

C16 — W1,1.e. short out for 30m only 
C17 — 68pF NPO ceramic disk 

C18 — 150pF ceramic disk 

C19 — 0.033uF ceramic disk or 
monolithic cap 

C20 — 0.luF mono cap 

C21 — 0.01uF ceramic disk 

C22 — 150pF ceramic disk 

C23 — 150pF ceramic disk 

C24 — 0.1uF mono cap 

C25 — 820pF ceramic disk 

C26 — 0.0022uF disk or mylar cap 
C27 — 47uF electrolytic cap 

C28 — 47pF NPO ceramic disk 

C29 — 220pF ceramic disk 

C30 — not used 

C31 — 150pF ceramic disk 

C32 — not used 

C33 — 0.01luF ceramic disk 

C34 — 0.01uF ceramic disk 

C35 — 0.01uF ceramic disk 
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C35 — 0.01uF ceramic disk or mono 
cap 

C36 — 0.01uF ceramic disk 
C37 — 330pF ceramic disk 
C38 — 680pF ceramic disk 
C39 — 330pF ceramic disk 
C40 — 22pF ceramic disk 
C41 - C100 — not used 

C101 —0.1uF mono cap 
C102 — 0.01uF ceramic disk 
C103 — 0.01uF ceramic disk 
C104 — 0.01uF ceramic disk 
C105 — 0.01uF ceramic disk 
C106 — 47uF electrolytic cap 
C107 — 0.1uF mono cap 
C108 — 0.01uF ceramic disk 
C109 — 0.01uF ceramic disk 
C110 — 3.3uF electrolytic cap 
C111 —0.01uF ceramic disk 
C112 — 220uF electrolytic cap 
C113 — 0.luF mono cap 
C114 —0.luF mono cap 


Resistors 

R1 — 470 ohms 
R2 — 10K 
R3 — 10K 
R4 — 510K 
R5 — not used 
R6 — 10 ohms 
R7 — 510K 
R8& — 1M 

RI — 4.7M 
R10 — 22K 
R11 — 510K 
R12— 1M 
R13 — 1M 
R14 — 10 
R15 — 47K 
R16 — 22K 
R17 — 2.2K 
R18 — IM 
R19 — 1K 
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R20 — 22K 


R21 — 10K 

R22 — 10K 

R23 — 22K 

R24 — 500 ohm variable 
R25 — 2.2K 

R26 — 470 

R27 — 10 

R28 — 51 

R29 — 51 

IC’s 


U1] — NE602A/NE612A/SA612A 
mixer IC 

U2 — 78L08 8V voltage regulator 
U3 — NE612A/... mixer IC 

U4 — NE5532 dual op amp 

U5 — NE612A/... mixer IC 


Transistors 

Q1 — MF102 JFET 

Q2 — 2N4401 NPN 

Q3 — 2N3906 PNP 

Q4 — 2N4401 NPN 

Q5 — 2N4401 NPN 

Q6 — 2SC2078 NPN PA transistor 


Crystals 
Y1-Y5 — 7.680MHz 


Chokes 

RFC1 — 10uH molded inductor 
RFC2 — 6.8uH molded inductor 
RFC3 — 10uH molded inductor 


Diodes 

D1 — MV1662 variactor diode or 
other variactor 

D2 — 1N4148 small signal diode 
D3 — 1N4148 small signal diode 
D4 — 1N4148 small signal diode 
D5 — 1N4148 small signal diode 
D6 — 1N4148 small signal diode 
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D7 — 1N4148 small signal diode 
D8 — 1N4148 small signal diode 
D9 — 1N4148 small signal diode 
D10 — 1N4148 small signal diode 
D11 — 1N5236 7.5V 0.5W Zener 
diode 

D12 — 1N5257 33V 0.5W Zener di- 
ode 

D13 — 1N4001 lamp Si diode 


Transformers 

Tl — 10.7MHz IF transformer 
Mouser 42IF 123 

T2 — 10.7MHz IF transformer 
Mouser 42]F 123 

T3 — 10.7MHz IF transformer 
Mouser 42IF123 

Toroids 

T4 — FT37-43 10T:1T Primary to 
secondary ratio 

L1 — T50-6 0.50" yellow 29T #24 
wire 

L2 — FT37-43 0.37" dark grey 6T 
#24 wire 

L3 — T37-6 0.37" yellow 1ST #24 
wire 

L4 — T37-6 0.37" yellow 15ST #24 
wire 


Variable Pots off board 


5K — RF gain 
100K — Tuning 
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QRP Operating News 
By Richard Fisher, KI6SN 
1940 Wetherly Way 
Riverside, CA 92506 
KI6SN@yahoo.com 


Revelations of a tenderfoot 
milliwatter 


Monty Northrup, N5FC, of 
Austin, TX writes that “since build- 
ing my 10 dB transmitting attenu- 
ator, | have been having a ball with 
milliwatting. 

At first, | used the attenuator 
to switch my power from 5 watts 
to 500 mW. | was getting such 
good results, (recently) | decided | 
would crank the Century 21 down 
to 500 mW, and use the attenua- 
tor to give me 50 mW. 

My strategy has been to an- 
swer 599 stations calling CQ (579 
if they sign ‘/QRP’). 

As long as | don't have to com- 
pete with somebody else, I’ve al- 
most always been getting answers. 
After completing the first exchange 
at 50 mW, I'll switch the attenua- 
tor out to QRO to 500mW, or to 
SW if necessary (so the operator 
on the other side doesn't have to 


suffer). 
If the band is open but activity 
is slow, I'll park on a clear fre- 


quency and call CQ at 50 mW. 
Recently on 15 meters, | never had 
to call CQ more than six times be- 
fore getting an answer. How about 
that? 

Best 50 mW DX to date is 
AL7FS, on 15 meters for 3,144 
miles and 63,000 miles/watt! (and 


56 


conditions weren't that good). . . 
thanks, Jim, for digging me out. 

OK, so you're thinking | have 
a whiz-bang antenna, huh? Nope. 
For 40 and 15 | use an inverted V 
fed with 300-ohm ladder line, cut 
for 40 meters, mounted on a mast 
strapped to my chimney, with the 
apex at 30 feet, and the ends just 
10 feet off the ground. 

For 20 and 10, | use a hori- 
zontal delta loop on my roof at 20 
feet. I’m hoping ol’ Sol will arrange 
conditions so | can work JA, or 
maybe even VK at 50 mW. 
Wouldn't that be a hoot? 

| hope this encourages some 
of you to build an attenuator, and 
explore what you can do with 
QRPp. It’s a blast!” 


QRPing along the Appalachian 
Trail . 
Ron Polityka, WB3AAL, 
writes from Reading, PA that in 
March he made his way “through 
three inches of snow and in some 
places the mud to my operating 
location on the Appalachian Trail. 
The weather forecast said the 
temperature was to be in the 50F 
range, but it changed overnight. 

The weather forecast in the 
morning said it was going to be 
cloudy with some rain in the after- 
noon. Operating temperature was 
around 38F and very windy. 

A branch came crashing down 
on me when just after | switched 
over to 20 meters. All was OK with 
me, but | got out of there before 
any other larger branches came 
crashing down. 
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I'm sorry that | could not stay 
longer but the wind chill was 
around 15F and the clouds were 
closing in. 

Some freezing rain was com- 
ing down and that was the decid- 
ing factor to make me pack up and 
leave. 

| did get a chance to make one 
schedule QSO on 40 meters, six 
QSOs on 15 meters and one QSO 
on 20 meters. 

| also was looking for some- 
one on 17 meters but | had no luck 
in locating that station. 

Hopefully the weather will be 
much better as spring comes in. | 
will be able to go out earlier and 
stay much longer in springtime. 

The 15 meter band was open 
to the western United States. | did 
listen around for the Europeans but 
| did not hear anyone. So hopefully 
the conditions will be better in April. 

Thanks to all who made a 
QSO with me on the Appalachian 
Trail in Pennsylvania.” 


Good QRPer advice for snag- 
ging DX 

Rod Cerkoney, NORC, writes 
from Fort Collins, CO that “I’ve 
heard this happen enough that | 
feel it's worth mentioning. When 
chasing DX, don’t tune up or call 
on the DX station’s transmit fre- 
quency. You may be interfering 
with others trying to hear their call. 

Listen for a while. A good DX 
operator will announce where he 
is listening. For example, recently 
| heard 3GOY calling ‘3GOY UP)’ 
and tuning up the band 1kHz | 
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heard the pack. | listened there for 
a while, selected a good transmit 
frequency, and set up my rig for 
Split operation: the receiver in VFO 
A; the transmitter in VFO B. 

Then | started calling. | se- 
lected the transmitting frequency 
based on where | heard others 
being heard and a relative quiet 
spot, usually on one edge or the 
other of the main pack. 

If I'm using a rig without split, 
but with RIT or XIT, | do a similar 
thing, adjusting the rig to transmit 
on one frequency and listen on the 
DX frequency. 

Now, sometimes the DX sta- 
tion is not working split. But | STILL 
DON’T call on his frequency. 

First | zero beat my receive 
with his transmit, and then | use 
my XIT to call up 200-500HZ, start- 
ing 500 up and working down. Only 
on rare occasions, after many 
calls, will | get within 100Hz of his 
transmit frequency. 

This keeps me within his pass- 
band without QRMing (hopefully) 
his transmissions.” 


QRP operating in the best of 
‘stealth’ 

John Raynsford, AL7JK, 
from Eagle River, Alaska, offers 
advice for putting up and maintain- 
ing stealth antennas. 

Amazing as it may sound, 
even here in Alaska an urban en- 
vironment is taking hold. 

No-antenna urban develop- 
ment neighborhoods are popping 
up all over. In fact most of the new 
construction in the past few years 
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is exactly that. 

| lived in such an area back in 
1978 in Anchorage. Having access 
to several supports - trees, light 
pole - | strung up Christmas lights 
which | had no intention of ever il- 
luminating (outdoor type). 

| had added another wire 
same color as the others (green). 
This additional wire was secured 
using tape (I should have used 
green colored wire ties) that was 
my antenna wire. 

Prior to this extensive Christ- 
mas light installation, the local 
‘condo commandos’ removed sev- 
eral different wire antennas I'd in- 
stalled. At a secondhand store 
there was a telephone box (the 
identical type used by our local 
municipal phone company). | used 
that for a long time for a lead-in 
attachment point I’d mounted out- 
side my window. 

This worked for a whole win- 
ter. ‘Hey, what are you doing 
screwing around with my tele- 
phone?’ 

“I'm not a fan of enamel 
coated magnet wire that can be 
purchased in bulk. Sunlight reflects 
off the enamel too well. Grey 
primer spray paint does wonders 
but a roll 26ga stranded gray insu- 
lated wire from Radio Shack is the 
ultimate. 

“(Stealth antenna users) only 
come out at night. If | had to live in 
a third floor or higher apartment / 
condo environment, I’d build a tele- 
scoping element that would be ‘de- 
ployed’ out a window, deck, fire 
escape - any opening that would 
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allow a piece of tubing to be pro- 
jected through. 

I’ve built such a portable an- 
tenna for ease of transport that 
telescopes out to 40 feet in height. 
It’s six feet long when collapsed. 
The base insulator is from the base 
section of an old discarded (wind 
damaged) Cushcraft R5. 

Never pass up tubing from 
damaged or unwanted antennas. 
I'd build a sturdy mount for the el- 
ement (counterweighted) and ‘de- 
ploy’ the ‘tundra vertical ‘ horizon- 
tally at night. 

You folks down in the states 
have it made. It gets dark year 
around. Again, be sure to use gray 
primer spray paint to remove 
reflectivity. Tune with your favorite 
tuner. 


QRP and a blissful blizzard 


Steve Galchutt, NOTU, writes 
from Monument, CO that he re- 
cently “woke up to a BLIZZARD! 
We were snowed in with three to 
four foot drifts in the driveway. 

| worked from home for about 
four hours via ISDN. Then decided 
to flexi-off and switched to debug- 
ging my scratch SST while feed- 
ing logs to my hungry wood stove. 

Thanks to John Evans, NOH4J, 
of Colorado Springs, for his loan 
of areal 20 meter SST. | measured 
the voltages IC to IC and found the 
product detector’s input on mine 
was a volt down. 

Hmmm? Then | discovered a 
shorted LED (AGC diode) was 
pulling it down or so it seemed. 
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Replaced it and BAMB! 20 meter 
signals! Woohoo! 

I’m listening to the receiver 
right now as | write this e-mail and 
| can’t begin to tell you all how good 
it sounds. Just Knowing | took a 
hand full of parts using Wayne 
Burdick’s, N6KR, GREAT design 
built this thing from scratch 
“uglihattan” style makes it sound 
REALLY special! 

Out of all the fun things I’ve 
done with this cool hobby, this tops 
it. (| hope not?) | must admit I’ve 
gained some great experience 
from building the Sierra, K2, DWS, 
NC20 - the list goes on. 

If | can do this, though, any- 
one can do it! I’m not an electrical 
engineer! | really do not under- 
stand the physics of how this rig 
works but in concept | get it. That 
is, how the micro-volt signals ar- 
riving at the antenna get mixed 
down and detected to audio seems 
pretty basic. Well, sort of (in con- 


equipment 


Part 3 — A Noise Generator 

Hi again. This is the third part 
of my series of articles on simple 
test equipment. It’s yet another 
piece of kit that | described at 
Pacificon in 2000, and also at 
Atlanticon & Arkiecon in 2001. This 
is another example to show that 
test equipment does not have to 
be complicated to be extremely 
useful. 
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By Graham Firth G3MFJ/W3MFJ 


cept). 

I’ve tried to learn the electronic 
theory and got lost at the “holes 
and electrons” stage. That stuff just 
flew over my windshield. But give 
me a hot iron and a schematic and 
now your talking my language! 

Only a few other issues with 
the SST - like it breaks into a howl 
a full volume and some intermit- 
tent thingy in the crystal filter. But, 
man, it’s alive! YES! and | built it 
from scratch! Amazing! 

Next is the SST transmitter 
section and then the FIRST QSO! 

| can hardly wait. 

Maybe I'll make it a trial-side 
QSO. My goal is some day to build 
a really good high-performance all 
band receiver from scratch! 
Seems as far away to me as land- 
ing aman on Mars right now! 


That doesn't 
cost a mint! 


Again, it is a very simple circuit 
and is very effective in use. The 
circuit is taken (with minor 
changes) from the ARRL 
handbook of a few years ago. The 
noise generator itself is a zener 
diode. These things are very noisy 
when reverse biased — | often 
wonder if, when we use them to 
stabilise voltages, they are 
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Fig. 1 G3MFJ’s Noise Generator 


generating lots of noise! The 
output is amplified by a couple of 
2N222 transistors, and the output 
as taken from a 1K potentiometer 
to give some control of the output. 

The supply for the zener diode 
is taken from the output of a 555 
timer IC via a 50K variable resistor. 
The 555 has a switched capacitor 
which gives timing periods of 
around 500mS and 3mS. The idea 
of this is to interrupt the noise so 
that it can be better identified when 
using the noise generator to align 
a receiver. The 500mS period 
turns the noise on & off every 
second, and the 2mS period 
interrupts it at an audio frequency, 
again to aid in alignment. 

The four way switch has two 
banks, one is used as an on/off 
switch, and the other to change the 
Capacitor. The short circuit 
position, makes the 555 remain on 
and thus gives continuous noise 
where required. 
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There is nothing critical about 
any of the components, | have 
shown a 6.8v zener because one 
was to hand, but any value around 
this will do. The 50K variable is 
used to peak the noise output from 
the zener. The output bandwidth 
varies from audio, right through the 
hf spectrum. 

| used stripboard to build mine, 
but any method can be used — ugly 
style, or Manhattan being 
particularly suitable. If care is taken 
to reduce stray capacitance, the 
output should be useable even at 
low vhf — even 2 meters! 

That's it! The noise generator 
is very useful when aligning 
receivers, the output should be 
reduced as alignment progresses 
— it is amazing how easily the 
interrupted noise can be heard — 
even at low audio levels. 

A noise generator can also be 
used in conjunction with a noise 
bridge, to check the impedance of 


QRPp Summer 2001 


R1 
ist! 3 VRI 
R3 
Swi = 
Fite cians 
meer: nas 
C6== 
= C1, 6 - 470pF 
BE cates) 3. 485 -40NF 
C7 - 1uF 


Swe 
® 
R5 
, R7 
R6 
R4+ C5 
Ce i Q2 
Q1 
a ‘Yoo S$ OUT 
K oi VR2 


R1,2-1M R5-1.5K Qi, 2-2N2222 
R3 - 470 R6-10K VR1- 50K 
R4-27K R7-680 VR2-1K 


Fig. 2 Schematic for G3MFJ Noise Generator 


an antenna, and Tony will be 
showing a circuit for a noise bridge 
in a separate article. 

The case | used for this was a 
plastic box bought at my local 


Test 
equipment 


The resistive SWR bridge (see 
Figure 2) has been published be- 
fore but I’ve yet to see a really good 
explanation of how it works. So | 
roped in lan Keyser, the GQRP 
club technical guru, and together 
we've hopefully achieved that. 
Those familiar with the Wheat- 
stone bridge will have an inkling - 
but by looking at Figure 2 you 
somehow can’t see it. After all, the 
meter goes down to deck, while in 
the Wheatstone bridge (see Fig- 
ure 1), it’s across the two arms. 
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component shop. The knobs came 
from there too. 

That's it for this issue of QRPp. 
Another exciting installment in the 
next issue! 


That doesn't 
cost a mint! 


Figure 1 
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The Wheatstone bridge works 
by applying a voltage across the 
two terminals. Imagine all four re- 
sistors have the same value. 
Therefore the voltage on either 
side of the meter is half whatever 
is the supply voltage. That being 
the case, no current can flow in the 
meter and it will read zero. Imag- 
ine now that R1 & R2 are 50 ohms 
and the other two are 100 ohms. 
Can you see that the situation re- 
mains the same? Now assume we 
don't know what the value of Rx 
is, R1 & R2 are still the same value 
(what they are doesn't matter) and 
we adjust VR1 until the meter 
reads zero again. From what we've 
seen above, VR1 must now have 
the same value as the unknown 
resistance Rx. If VR1 had calibra- 
tion markings we would know the 
value of Rx. The resistive SWR 
bridge works on this principle. 
Using the resistive SWR Bridge: 

Referring to figure 2, when the 
bridge is set to position 2 to en- 
able tuning of the Antenna System 
Matching Unit (ASMU), the trans- 
mitter P.A. stage will always see a 
lower SWR than is present at the 
load. Indeed, if it’s a dead short, 
or open circuit the transmitter will 
only see a 3:1 SWR. Other com- 
plex antenna impedance’s may 
present a higher SWR to the an- 
tenna socket, but the rig will always 
see one that is lower and there- 
fore provide some protection to 
your PA. transistor. Another ad- 
vantage is that they are cheap and 
easy to build. I’ve have just finished 
building the NJQRP PSK31 80m 
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transceiver and | built a bridge into 
the rig so that | have one less thing 
to carry when | go portable. 

Because the design relies on 
using a resistive bridge, the trans- 
mitter output should be limited to 
how much power the resistors can 
safely dissipate. Please note that 
non-inductive resistors should be 
used, and inductive types, particu- 
larly wire wound resistors should 
be avoided. 

So how does it work? - Over 
to lan.... 

Considering the following 
statements will help with the 
following explanation: 

In the interest of simplicity we 
will assume that the meter draws 
no current and there is no phase 
difference between points X and 
% 

When REF is applied to the 
input of the ‘bridge’ the potential at 
point X will be at half the total RF 
potential applied to the bridge, and 
this will remain so at all times. 

Di, C1, R4 and C2 form a 
peak voltage detector. Reading the 
potential at point Y in relation to 
point X. f 

We will consider 
possible scenarios, 

1. In switch position 1 no load 
(i.e. antenna) is applied and so the 
bridge is now reading the peak RF 
input voltage via R1 [50 Ohms], 
this will have no noticeable effect 
on the reading. This position can 
be used to adjust VR1 for Full 
Scale Deflection. 

2. Inswitch position 2 and witha 
load of high impedance the RF 


three 
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Figure 2 


potential at point Y is very nearly 
the same as the input RF voltage. 
In this instance the peak DC volt- 
age at point Z will be almost half 
the peak RF voltage applied (RF 
volts input - RF Volts/2 [point X]). 
Alternatively, if the load impedance 
is now made very low (say 1 Ohm), 
RF volts at point Y is almost zero 
so the peak detector will again read 
about half the RF input voltage - 
(RF volts input/2 [point X] - point Y 
(zero volts [almost]). 

Between the above two ex- 
tremes, if the load impedance is 
50 Ohms, the voltage at point Y 
will now be half input RF voltage. 
As now point X and Y are at half 
RF input voltage the potential dif- 
ference between them is zero. 
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This is the point of 1:1 SWR, 

and as we deviate from this ideal, 
the voltage detected will rise until 
the two other scenarios are 
reached. 
3. Having tuned the ASMU (with 
the switch in position 2), to indicate 
1:1 (zero volts), the switch should 
now be moved to position 3 to re- 
move the bridge and it will connect 
the ASMU directly to the transmit- 
ter. To leave it in circuit in position 
2 would divide the R.F power be- 
tween the antenna and the resis- 
tors in the bridge. 

The aspect that catches most 
out is the fact that the meter is con- 
nected to ground and not to point 
X. 

The reason for this is that as 
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far as the meter is concerned it is 
only interested in indicating the DC 
component. If it is connected to 
earth, VR1 has only to be reduced 
in value by the value of R3 to give 


the same reading. In practice, as 
VR1 is going to be in the order of 
kilo ohms compared to the 51 
ohms of R3, this error can be ig- 
nored. 


The NorCal Web Page 


by Jerry Parker, WAGOWR 
http://www.fix.net/norcal.html 


Guys, Jerry Parker is our web guru 
and does all the layout and work 
on the NorCal page. If you want 
to find out all the latest club infor- 
mation, please check the page. 


Also, Jerry has one of the most 
comprehensive sets of links to 
QRP web pages on the net. If you 
can't find it on Jerry's Link Page, it 
probably isn’t there. Check it of- 
ten. 


The Tuna Tin 2 
& 
VES3SDNL Kits Return!! 


Jay Bromley, W5JAY has done 
it again. The Fort Smith QRP 
Group, those great guys who put 
on Arkiecon have brought back 
two of the greatest kits ever, the 
Tuna Tin 2 and the VE3DNL. Both 
kits are so cheap that you won't 
believe the price. $12 each post- 
age paid to your door!! ($15 DX) 

Ordering a kit is simple. Just 
send JayBob a check or money 
order for $12 for one kit or $24 for 
two (one of each special deal) and 
he will ship it right away. NO wait- 
ing. JayBob has the kits in stock 
ready to ship. 

Plus, the great news is that the 
VE3DNL Board has been redone. 
Yes, Dave Fifield, AD6A redid the 
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board, and is now a professionally 
done board with silk screening, 
soldermask and plated through 
holes. 1” x 1.5” in size, with 2 
mounting holes! 

To order and yes, multiple or- 
ders are ok, send $12 per kit, ei- 
ther the Tuna Tin 2 or the VE3DNL 
to: 


JayBob Bromley 
9505 Bryn Mawr Circle 
Ft. Smith, AR. 72908 


Please include a self ad- 
dressed mailing label and don’t 
forget to tell JayBob which kit you 
are ordering. Make all checks and 
money orders out to Jay Bromley. 
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Pacificon 2001 


NorCal QRP Club Annual QRP Forum 
Oct.19th, 20th, 21st 
Concord, California 

Sheraton Hotel 


Friday Night: No Host Dinner at Fuddrucker’s, 
6:00 PM 

Hospitality Room Opens @ 7:00 

Pacificon QRP QSO Party 7:30 - 8:30 Any Radio, any 
band, any mode. Antenna limited to 6 feet total length, 
end to end. 


Saturday: 4 World Famous QRP Speakers with 


plenty of time to visit the exhibits and flea market. 
Hospitality Room Opens @ 7:30 PM. 


Sponsored by NorCal QRP Club. No charge for any of 
the QRP activities and events. This is our way of say- 
ing thank you for your support and allows us to sup- 
port you by bringing a world class QRP event to the 
west coast. 
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2001 SW ARRL Division 
Convention 
Featuring a Huge QRP Forum 


Riverside California Convention 
Center 
Holiday Inn 
September 7-9, 2001 


QRP Forum Speakers 
Doug Hendricks, KI6DS 
Chuck Adams, K7QO 
Eric Swartz, WA6GHHQ 
Jim Duffy, KK6MC 


Special Guest Appearance by 
Jim Cates, WA6GER 


Building Contest 
QRP Hospitality Rooms 
QRP No Host Dinner Friday Night 
Sponsored by 
Lake Perris QRP Society 
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QRPp Subscriptions 


QRPp is printed 4 times per year with Spring, Summer, Fall and Winter 
issues. The cost of subscriptions is as follows: US and Canadian ad- 
dresses: $15 per year, issues sent first class mail. All DX subscriptions 
are $20 per year, issues sent via air mail. To subscribe send your check 
or money order made out to Jim Cates, NOT NorCal to: Jim Cates, 
3241 Eastwood Rd., Sacramento, CA 95821. US Funds only. Sub- 
scriptions will start with the first available issue and will not be taken for 
more than 2 years. Membership in NorCal is free. The subscription 
fee is only for the journal, QRPp. Note that all articles in QRPp are 
copyrighted and may not be reprinted in any form without permission of 
the author. Permission is granted for non-profit club publications of aa 
non-commercial nature to reprint articles as long as the author and 
QRPp are given proper credit. The articles have not been tested and 
no guarantee of success is implied. If you build circuits from QRPp, 
you should use safe practices and know that you assume all risks. 


Back Issues QRPp 


1993 - $10 
1994, 95, 96, 97- $15 per issue 
1998, 99, 2000 - $20 per issue 


Shipping & Handling: US: $4 for 1 - 3 issues. $7 for 4 - 8 issues. 
Canada: $4 for 1 issue $5 for 2:- 3 issues $7 for 4 - 7 issues. 


DX Europe & South America: $5 for 1 issue $7 for 2 - 3 issues $10 
for 4 - 7 issues DX Pacific Rim, Australia & New Zealand: $5 per 
issue ordered $10 for 2 issues $15 for 3 issues $20 for 4 or more 
issues. 


Send Check or Money order in US Funds only to: 
Doug Hendricks 
862 Frank Ave. 
Dos Palos, CA 93620 


NOTE: Make Checks Payable to Doug Hendricks NOT NorCal 
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